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Introduction
Fertilizer application rates that are recommended by the University of Ten-
nessee for soybean production are based on information gained from soil chem-
ical analyses. Currently, fertilizer recommendations for the state are the same
for all soils having similar soil test values. Also, the present soil test philosophy
for Tennessee emphasizes application of fertilizer to increase soil test levels
on soils testing low or medium and maintaining the soil test level on soils test-
ing high.
Research reported by Howard et al. (1982) indicated that soybean yield
response to applied phosphorus (P) and potassium (K) frequently did not oc-
cur on the loess-derived soils of West Tennessee. They found yields from a
Vicksburg silt loam, which tested low and medium in soil test P and K, respec-
tively, and a Henry silt loam, which tested low in both P and K, were not
improved with P fertilization. They reported that yields increased only I year
in 7 with K fertilization of the Vicksburg soil, while yields were increased
4 of 5 years with K fertilization of the Henry soil. Graves et al. (1978) reported
that yield increases from applying 60 lbs/A K20 to a soil testing low in ex-
tractable K varied by year and with the soybean variety evaluated.
Research was initiated in 1982 and continued through 1986 to evaluate ef-
fects of P and K fertilization on yields of soybeans produced on loess-derived
soils of West Tennessee. The effect of P and K application rates on subse-
quent soil test levels was also evaluated.
Methods and Materials
Field experiments were established in 1982 on Experiment Stations at Mar-
tin, Jackson, and Grand Junction, along with two privately owned farms in
Fayette County. In 1983, additional experiments were located on privately
owned farms in Chester and Hardin counties. Experiments were continued
on the same sites for at least 3 years at each location. Row spacings, soil types,
and initial soil test data for the various locations are reported in Table I.
Asgrow '5474' variety of soybeans was planted each year in early to mid
May. A molybdenum seed treatment (Vitavax-M) was applied prior to plant-
ing. Recommended seeding rates and weed control practices were utilized at
each location. The experimental design was a randomized complete block with
a factorial arrangement of treatments. Fertilizer P (concentrated super-
phosphate) and K (muriate of potash) rates varied with location, based on the
initial soil test level. Fertilizer rates were applied in 30 lb/A increments up
to 90 lb/A of P20S or K20. Actual rates of P20S and K20 applied at individ-
uallocations are reported in Table 2. Fertilizers were broadcast and disked
into the soil prior to planting. Individual plots were 4 rows wide and 30 feet
long, with the exception of the two sites in Fayette County. For those sites,
plots were lOx 40 feet for the Henry soil and 8 rows wide and 30 feet long
for the Loring soil.
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Table 1. Locations, soil types, row spacings, and initial soil test data of
research sites for evaluating P-K fertilization effects on soybeans.
Soil test data
Location Soil types
Row
spacing
(in.) pH
Martin Exp. Sta.
West Tenn. Exp. Sta.
Ames Plantation
Fayette Co. (Harvey)
Fayette Co. (Tapp)
Chester Co. (Beene)
Hardin Co. (Doran)
Loring silt loam
Memphis silt loam
Loring silt loam
Henry silt loam
Loring silt loam
Grenada silt loam
Beason silt loam
38
40
40
10
20
38
40
6.9
7.1
6.3
6.4
6.0
7.2
5.5
--Ib/A--
26 (M)2 81 (L)2
60 (H) 150 (M)
7 (L) 120 (M)
29 (M) 80 (L)
4 (L) 62 (L)
16 (L) 62 (L)
20 (M) 106 (M)
IMehlich I extractant
2Soil test ratings-L, Low; M, Medium; H, High.
Table 2. Rates of phosphate and potash applied at research sites.
Fertilizer rates
Location
Martin Exp. Sta.
West Tenn. Exp. Sta.
Ames Plantation
Fayette Co. (Harvey)
Fayette Co. (Tapp)
Chester Co. (Beene)
Hardin Co. (Doran)
-lb/A-
0-30-60-90
0-30
0-30-60-90
0-30-60-90
0-60-90
0-30-60-90
0-30
-lb/A-
0-30-60-90
0-30-60-90
0-30-60-90
0-30-60-90
0-30-60-90
0-30-60-90
0-30-60-90
Experiment station plots were harvested with a combine, whereas plots lo-
cated in farmer fields were cut by hand and threshed with a portable thresher.
The two center rows of each plot were harvested for grain, and yields were
adjusted to 13.5% moisture. Appropriate statistical procedures were employed
to evaluate the effect of treatments on yields. Soil samples were collected from
each plot prior to treatment applications in the spring of the first year and
immediately following harvest each subsequent fall. Soil pH and extractable
P and K levels for each plot were analyzed statistically to evaluate changes
in soil P and K levels with fertilization rates for each year. Regression equa-
tions were developed from soil test means averaged for each treatment.
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Results and Discussion
The effects of selected application rates of P and K on soybean yields and
the subsequent changes in soil test P and K were evaluated on five soil types.
Experiments were continued over 2, 3, or 4 years depending upon location,
for a total of 21 site-years. Available soil test P and K at the initiation of the
experiments (Table 1) were generally uniform at each site. The effects of P
and K fertilization on yield and soil test P and K levels will be presented
by location, as will the regression equations and coefficients of determination
effects of increased P20S and K20 fertilization on soil test P and K.
Soil pH of individual plots was unaffected by rates of applied P20S and
K20. Soil test levels of P were unaffected by applied K20, and soil test lev-
els of K were unaffected by applied P20S• A P rate by K rate interaction ef-
fect on yield and soil test P and K was not observed for the reported sites.
Regression equations predicting annual changes in soil test P and K with
increased P20sand K20 fertilizer rates were generally highly significant
(Table 3).
Martin Experiment Station
Research was established in 1982 and continued through 1984 on a Loring
silt loam soil (Table 1).
Yields ranged from 15 to 41 bu/A over the 3 years and were unaffected
by either P or K fertilizer applications (Table 4). While increases in soil test
P and K were observed, the results were somewhat variable and were depen-
dent on the rate and year. Applying 30 lb/A P20S resulted in significantly
higher soil test P than the check plots. However, only in 1983 did the 60 lb/A
rate result in a significant increase in soil test values when compared with the
30 lbl A treatment.
With the exception of 1983, an application of 60 lbl A K20 was required
to obtain a significant increase in soil test K over the check. Applying 60 lbl A
K20 significantly increased soil test K each year when compared with the
30 lbl A rate. Increasing the fertilization rate to 90 lbl A K20 had no effect on
soil test K compared to the 60 lb/A rate in either 1982 or 1984. Only in the
dry year of 1983was soil test K significantly increased with each 30 lbl A incre-
ment of K20.
Regression equations reported in Table 3 show that soil test P was increased
0.11,0.20, and 0.15 lb/A with each lb/A of P20S applied for the 3 years,
respectively. Soil test K was increased 0.29, 0.37, and 0.18 lb/A for each lb/A
of K20 applied for the 3 years, respectively.
West Tennessee Experiment Station Gackson)
This research site was established on a Memphis silt loam in 1982 and con-
tinued through 1984 (Table 1).
Yields for the 3-year period ranged from 18 to 43 bu/A and were unaffected
by either P or K fertilization (Table 5). Soil test P was not significantly in-
creased by applying 30 lb/A P20S in 1982, but was increased in 1983 and
1984 when compared with the check.
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4Increases in soil test K varied with rates and years. In both 1982 and 1983,
applications of 60 lb/ A KzO were needed to significantly increase soil test K
over the check. Increasing the fertilization rate to 90 lb/ A KzO resulted in
significantly higher soil test K when compared with plots fertilized with 60
lb/A KzO. In 1984, soil test K was significantly increased with each in-
cremental increase in applied K.
Regression equations reported in Table 3 show that soil test P was unaffected
by P fertilization in 1982 and 1984, but was increased 0.36 lb/A with each
lb/A ofPzOs applied in 1983. Soil test K was increased 0.32,0.61, and 0.90
lb/A for each lb/A of KzO applied for each of the 3 years, respectively.
Table 3. Regression equations and coefficients of determination for effects
of PzOs and KzO rates on soil test P and K of selected loess-
derived soils in West Tennessee.
Year Soil Test P RZ Soil Test K RZ
Loring silt loam-Martin
1982 P = 25.04 + 0.113 PzOs .45 K = 59.17 + 0.289 KzO .66
1983 P = 2.29 + 0.204 PzOs .73 K = 93.80 + 0.371 KzO .92
1984 P = 18.83 + 0.150 PzOs .55 ,K = 74.17 + 0.178 KzO .45
Memphis silt loam-Jackson
1982 P = Not significant K = 124.50 + 0.317 KzO .59
1983 P = 59.25 + 0.358 PzOs .86 K = 144.00 + 0.608 KzO .85
1984 P = Not significant K = 145.55 + 0.902 KzO .96
Loring silt loam-Ames Plantation
1982 P = 3.80 + 0.156 PzOs .55 K= 103.15 + 0.363 KzO .63
1983 P = 9.00 + 0.154 PzOs .74 K = 119.95 + 0.490 KzO .71
1984 P = 8.70 + 0.132 PzOs .81 K = 121.15 + 0.630 KzO .73
1985 P = 8.85 + 0.116 PzOs .85 K = 127.95 + 0.565 KzO .79
Henry silt loam-Harvey farm
1982 P = 29.30 + 0.177 PzOs .49 K = 65.63 +0.383 KzO .65
1983 P = 31.68 + 0.239 PzOs .60 K = 87.58 + 0.311 KzO .65
1984 P = 28.68 + 0.285 PzOs .66 K = 63.15 + 0.568 KzO .91
Loring silt loam- Tapp farm
1982 P = 6.00 - 0.222 PzOs+ 0.0031 (PzOs)z .81 K = 63.81 + 0.526 KzO .60
1983 P = 11.25 - 0.335 PzOs + 0.0075 (pzOsl .95 K = 116.82 + 0.854 KzO .76
Grenada silt loam-Beene farm
1983 P = 15.88 + 0.167 PzOs .80 K = 65.58 + 0.448 KzO .66
1984 P = 18.08 + 0.136 PzOs .71 K = 68.65 + 0.605 KzO .86
1985 P = 17.65 + 0.189 PzOs .79 K = 75.30 + 0.748 KzO .86
Beason silt loam-Doran farm
1983 P = Not significant K = 91.75 + 0.517 KzO .58
1984 P = Not significant K = 122.25 + 0.908 KzO .78
1985 P = Not significant K = 119.18 + 1.305 KzO .70
Table 4. Effect of P-K fertilization on yield and soil test P and K on a Lor-
ing silt loam at Martin during 1982 through 1984.
Fert. Rate Soil test value
(lb/A) Yield (bul A)
19821 19822 1983 1984
P20S K20 1982 1983 1984 lb Pps/A
0 37 15 33 24 23 22 19
30 40 16 35 28 30 29 25
60 40 15 34 25 30 32 27
LSD (0.05) S NS S NS 5 3 3
lb KP/A
0 38 15 33 75 61 93 75
30 39 16 35 84 65 106 78
60 37 15 35 85 77 116 86
90 41 15 34 79 86 127 90
LSD (0.05) NS NS NS NS 12 10 9
ISpring soilsample.
2Fall soilsample.
Table 5. Effect of P-K fertilization on yield and soil test P and K on a Mem-
phis silt loam at Jackson during 1982 through 1984.
Fert. Rate Soil test value
(lb/A) Yield (bu/A)
19821 19822 1983 1984
P20S K20 1982 1983 1984 Ib P2Os/A
0 41 19 41 58 48 59 55
30 40 19 41 61 51 66 61
LSD (0.05) S NS S NS S 5 5
1b K2O/A
0 39 18 39 153 125 147 146
30 40 21 43 145 133 160 173
60 41 18 40 153 142 176 198
90 42 19 43 148 163 203 228
LSD (0.05) NS NS NS NS 15 20 17
ISpring soilsample.
2Fall soilsample.
5
Ames Plantation (Grand Junction)
Research was established in 1982 and continued through 1985 on a Loring
silt loam soil (Table 1).
Yields for the 4-year period ranged from 15 to 46 bu/A and were unaffected
by either P or K fertilization (Table 6).
Soil test P was increased significantly with each incremental increase of
PlOS applied, except for the 30 1blA rate in 1982 and 1984. Soil test K was
increased with each increment of KlO applied in 1983, 1984, and 1985.
Soil test P was increased 0.16,0.15,0.13, and 0.12 1b/A with each lb/A
of PlOS applied each of the 4 years, respectively (Table 3). Soil test K was
increased 0.36,0.49,0.63, and 0.57 lb/A for each lb/A KlO applied each of
the 4 years, respectively.
Table 6. Effect of P-K fertilization on yield and soil test P and K on a Lor-
ing silt loam at Grand Junction during 1982 through 1985.
Harvey Farm
In 1982, a 3-year study was established on a Henry silt loam in Fayette
County on Mr. Charles Harvey's farm (Table 1).
Yields ranged from 43 to 58 bu/A and were unaffected by PzOs fertiliza-
tion (Table 7). In 1983, soybeans responded to an application of 60 and 90
1b/A KlO, while in 1984, the yields were increased significantly with 30 and
90 lbl A applications of KlO as compared with the check.
Soil test P was increased with incremental increases in P fertilization, with
the exception of the 60 lbl A rate, which did not significantly increase soil test
P when compared with the 30 lbl A rate.
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Increases in soil test K varied with rates of K20 applied and number of
years. Applying 90 lbl A K20 significantly increased soil test K each of the
3 years when compared with applying other rates. Soil test K was not increased
by applying either the 30 or 60 lbl A K20 rates in 1982 when compared with
the check. Soil test K was significantly increased with each increment of K20
applied in 1983. In 1984, both the 30 and 60 Ib/A K20 rates significantly in-
creased soil test K level when compared with the check.
Soil test P was increased 0.18, 0.24, and 0.29 Ib/A with each Ib/A P20S
applied each of the 3 years, respectively (Table 3). Soil test K was increased
0.38, 0.31, and 0.57 Ib/A for each Ib/A K20 applied each of the 3 years,
respectively.
Table 7. Effect of P-K fertilization on yield and soil test P and K on a Henry
silt loam at Harvey farm during 1982 through 1984.
Fert. Rate Soil test value
(lb/A) Yield (bu/A)
1982\ 19822 1983 1984
P20S K20 1982 1983 1984 lb P20S/A
0 57 50 46 30 28 30 28
30 55 49 45 32 38 40 41
60 55 50 45 31 33 38 38
90 58 51 46 31 47 57 58
LSD (0.05) NS S NS NS 6 8 9
lb K2O/A
0 55 45 43 74 68 87 62
30 58 49 48 79 76 97 83
60 56 52 46 83 84 104 94
90 56 54 47 78 103 116 115
LSD (0.05) NS 6 4 NS 17 8 12
ISpring soil sample.
2Fall soil sample.
Tapp Farm
Research was established in 1982 and continued for 2 years on a Loring
silt loam on the farm of Mr. Tom Tapp in Fayette County (Table 1).
Yields ranged from 15 to 31 bu/A and were unaffected by either P or K
fertilization (Table 8). Yields were not taken in 1984 because of a poor stand.
Soil test P levels were significantly increased by applying 90 lbl A P20S•
Soil test levels of K were significantly increased by applications of 90 lbl A
K20 in 1982 and 60 and 90 IblA K20 in 1983 when compared with the
check.
Increases in soil test P as a result of applying P fertilizers were best pre-
dicted by quadratic equations in 1982 and 1983 (Table 3). Soil test K was in-
creased 0.53 and 0.85 Ib/A for each Ib/A K20 applied during 1982 and 1983,
respectively.
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Table 8. Effect of P-K fertilization on yield and soil test P and K on a Lor-
ing silt loam at the Tapp farm during 1982 through 1983.
Beene Farm
Research was established in 1983 and continued for 3 years on a Grenada
silt loam on the farm of Mr. Horace Beene in Chester County (Table I).
Yields ranged from 10 to 23 bul A and were unaffected by either P or K
fertilization (Table 9). Soil test P was increased with the P20S applications
when compared with the check. However, applying 60 IblA P20S did not in-
crease soil test P when compared with the 30 Ibl A rate.
Soil test K was increased with each increment of fertilizer K20 applied,
with one exception. Increasing the rate of K20 from 60 to 90 Ibl A did not
significantly increase soil test K in 1983.
Soil test P was increased 0.17,0.14, and 0.19 Ib/A with each Ib/A P20S
applied each of 3 years, respectively (Table 3). Soil test K was increased
0.45, 0.61, and 0.75 Ib/A for each Ib/A K20 applied each of the 3 years,
respectively.
Doran Farm
Research was established on this site in 1983 and continued for 3 years on
a Beason silt loam on the farm of Mr. 0. P. Doran in Hardin County (Table 1).
Yields varied from 11 to 28 bul A and were unaffected by either P or K
fertilization (Table 10).
Soil test P was generally unaffected by P fertilization, while significant in-
creases in soil test K were found with the application of fertilizer K. On this
soil, applying 30 Ibl A K20 was as effective as the 60 Ibl A rate for increasing
soil test K values. However, the 90 Ib/A K20 rate significantly increased soil
test K levels over the other fertilizer rates for each of the 3 years.
Soil test K was increased 0.52,0.91, and 1.311b/A for each Ib/A K20 ap-
plied each of the 3 years, respectively (Table 3).
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Table 9. Effect of P-K fertilization on yield and soil test P and K on a
Grenada silt loam on the Beene farm during 1982 through 1985.
Fert. Rate Soil test value
(lb/A) Yield (bul A)
19831 19832 1984 1985
P20S K20 1983 1984 1985 Ib P20s/A
0 10 22 18 17 16 17 17
30 10 22 20 17 21 24 25
60 10 22 19 14 24 24 27
90 10 21 20 14 32 31 35
LSD (0.05) S NS NS S 5 4 4
Ib KzOlA
0 10 21 18 74 64 67 76
30 10 22 19 79 79 89 98
60 10 23 21 73 93 105 117
90 9 22 19 75 101 121 144
LSD (0.05) NS NS NS NS 10 13 IS
'Spring soil sample.
2Fall soil sample.
Table 10. Effect of P-K fertilization on yield and soil test P and K on a
Beason silt loam on the Doran farm during 1983through 1985.
Fert. Rate Soil test value
(lb/A) Yield (bu/A)
19831 19832 1984 1985
P20S K20 1983 1984 1985 Ib PzOs/A
0 II 26 26 20 16 16 IS
30 11 27 25 21 19 16 12
LSD (0.05) S NS NS S 3 NS NS
Ib KzOlA
0 II 28 25 101 90 126 123
30 11 25 25 118 119 156 167
60 10 27 25 93 105 151 168
90 13 25 25 116 146 219 253
LSD (0.05) NS NS NS NS IS 40 57
'Spring soil sample.
2Fall soil sample.
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Conclusions
Field research was conducted on 5 loess-derived soil types over a 3- to 4-year
period for a total of 21 site-year combinations. This research was conducted
to evaluate the effects of P and K fertilization on yields of soybeans and on
soil test P and K levels. Initial soil test ratings for these soils ranged from low
to high in Mehlich I extractable P and from low to medium in Mehlich I ex-
tractable K. Soybean yields were unaffected by applied P20S' but were in-
creased with K fertilization on a Henry silt loam having a low level of
extractable K.
Soil test P and K were generally significantly increased with added P20S
and K20. Actual increases in soil test P and K, as determined by the Mehlich
I extractant, varied with year and soil site. Average increase in soil test P for
each pound per acre of P20S applied varied with initial soil test level and was
0.18, 0.16, and 0.36 Ib/A for low-, medium-, and high-testing soils, respec-
tively. Average increase in soil test K for each pound per acre of K20 applied
varied with initial soil test level and was 0.48 and 0.661bs for low- and medium-
testing soils, respectively.
The lack of yield response to applied P20S and K20 is not clearly under-
stood and may be the result of several factors. The soil test extractant (Mehlich
I) may not be well-calibrated to soil-plant relationships for these loess-derived
soils. Adequate P and K may have been available to the soybean plant from
the subsurface layers that were not evaluated by soil test P and K. Crop yield
is a function of many environmental factors, and in most instances in this study
the supply of available P and K was not the limiting factor(s) in determining
the final grain yield. Additional studies should be conducted to more closely
identify the factors responsible for limiting yields under these conditions.
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